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Nessun conflitto di interesse da dichiarare



La ricerca clinica in oncologia pediatrica

• Difficoltà nella conduzione di studi clinici con farmaci innovativi  

• Limitato interesse delle case farmaceutiche

- mercato ristretto

- scarsi profitti

- reclutamento lento

• Scarso supporto degli enti regolatori

• Poche nuove molecole studiate nell’adulto sono offerte per 

studi pediatrici e con un “gap” temporale notevole

• Pochi trials clinici di fase precoce (I-II) sono condotti e con il 

coinvolgimento di un numero limitato di pazienti 



La ricerca clinica in oncologia pediatrica

“GAP” NUMERICO

“GAP” TEMPORALE



La ricerca clinica in oncologia pediatrica

17 drugs in 25 years

Approved by FDA and/or EMA for pediatric cancer

Laetsch TW et al, Cancer Discovery, 2021



La ricerca clinica in oncologia pediatrica



GdL Nuovi Farmaci AIEOP

• Valutare e promuovere studi clinici di fase precoce (I-II)

• Divulgare a tutti quali siano le risorse disponibili e accessibili

• Favorire la centralizzazione dei casi nei centri di riferimento

9 centri AIEOP coinvolti  
(Bologna, Genova, Milano, Monza, Napoli, Padova, Roma B.Gesù, Roma Gemelli, Torino)



Changing the landscape

Paerson ADJ et al, EJC, 2022

• Change to a mechanism of action

approach (agnostic drugs)

• Increase access of AYAs to adult trials 

(18 years barrier)



Ruolo della terapia target in oncologia pediatrica

La presenza di specifici bersagli molecolari ha cambiato dei paradigmi di trattamento

• BRAF-inibitori in tumori con mutazione di BRAFV600E
(glioma, melanoma, istiocitosi a cellule di Langerhans)

• ALK-inibitori in tumori con traslocazioni di ALK (linfoma

anaplastico a grandi cellule, tumore miofibroblastico

infiammatorio)

• NTRK-inibitori in tumori con geni di fusione NTRK

• RET-inibitori in tumori con alterazioni del gene RET
(carcinoma midollare della tiroide)



Dabrafenib + Trametinib

gliomi, melanoma, istiocitosi a cellule di Langerhans 



Dabrafenib + Trametinib

Indicazione AIFA - maggio 2024

FINLEE (trametinib) polvere per soluzione orale 

+

SPEXOTRAS (dabrafenib) compresse dispersibili

➢ pazienti pediatrici di età ≥ 1 anno affetti da glioma a basso grado (LGG) con 
una mutazione BRAF V600E che necessitano di una terapia sistemica

➢ pazienti pediatrici di età ≥ 1 anno affetti da glioma ad alto grado (HGG) con 
una mutazione BRAF V600E che hanno ricevuto almeno un precedente 
trattamento radioterapico e/o chemioterapico



Dabrafenib + Trametinib

On March 26, 2026, the EMA Committee for Medicinal

Products for Human Use (CHMP) adopted a positive opinion

recommending the extension of the marketing authorization

for Tafinlar (dabrafenib) and Mekinist (trametinib) to

include the treatment of children and adolescents from 12

years of age with BRAF V600E-mutated melanoma.

This recommendation covers both unresectable or

metastatic melanoma and adjuvant treatment following

complete surgical resection.



ALK aberrations in pediatric patients  



Crizotinib



Crizotinib

A phase 1B of crizotinib either in combination or as single agent in pediatric 

patients with ALK, ROS1 or MET positive malignancies  (CRISP study)

Crizotinib indicated for the treatment 

of patients ≥1 year of age and young 
adults with relapsed or refractory ALK-

positive anaplastic large cell 

lymphoma (ALCL)  or ALK-positive 
unresectable inflammatory 

myofibroblastic tumour (IMT) 



Alectinib

A PHASE I/II, OPEN-LABEL, MULTICENTER STUDY EVALUATING THE SAFETY, PHARMACOKINETICS, AND EFFICACY OF

ALECTINIB IN PEDIATRIC PATIENTS WITH ALK FUSION-POSITIVE SOLID OR CNS TUMORS FOR WHOM PRIOR TREATMENT

HAS PROVEN TO BE INEFFECTIVE OR FOR WHOM THERE IS NO CURATIVE STANDARD TREATMENT AVAILABLE



Brigatinib

A Phase I/II study of Brigatinib in pediatric and young adult patients with ALK+ Anaplastic 

Large Cell Lymphoma, Inflammatory Myofibroblastic Tumors or other solid tumors



Lorlatinib

Goldsmith KC et al, Nat Med, 2023

• The RP2D of lorlatinib with and without chemotherapy in children was 
115 mg/sqm

• single-agent response rate (RR) for <18 years: 30%; for ≥18 years: 67%

• chemotherapy combination RR in <18 years: 63%

• 48% of responders achieved MIBG complete responses



Neladalkib (NVL-655)  

4th-generation ALK inhibitor designed to overcome resistance to earlier-generation therapies like lorlatinib

ALKOVE-1

A Phase 1/2 Study of the 

Selective Anaplastic 

Lymphoma Kinase (ALK) 

Inhibitor NVL-655 in Patients 

with Advanced NSCLC and 

Other Solid Tumors

Phase 2 Cohort 2f only:  Age ≥12 years and weight >40 kg



NTRK fusions and cancer 

NTRK fusions identified in several pediatric and adult neoplasms



Larotrectinib

Pediatric protocol active since 2015



Entrectinib



NTRK inhibitors – regulatory approval 



Repotrectinib

inhibitor of tyrosine-protein kinase ROS1 and of the tropomyosin receptor tyrosine kinases (TRKs)



Repotrectinib



RET aberrations in cancer



Selpercatinib

Inibitore di RET potente e selettivo



Selpercatinib



Ricerca di alterazioni molecolari nei tumori pediatrici

➢ Ricercare target molecolari nei tumori 

pediatrici vale la pena

➢ Possibilità di individuare driver rilevanti per 

la malattia

➢ Potenziale grande beneficio da trattamenti 

mirati anche in malattie a cattiva prognosi



Pediatric cancer genome landscape



Precision medicine trials

Studi prospettici con l’obbiettivo di stratificare le terapie target in relazione al profilo molecolare dei tumori



Precision medicine trials

• Trials clinici di fase I-II

• Basket trials

• Farmaci ad uso compassionevole

• Farmaci off-label

Somministrazione di una terapia target



Pediatric molecular profiling trials

5700 pazienti profilati in 20 trials in 10 anni

• Profilo molecolare completo: 80-100%

• Tempo mediano prelievo-risultato: 13-61 giorni

• Alterazioni “actionable”: 23-100%

• Mutazioni germinali costitutive: 6-35%

• Somministrazione di terapia target:  2-58%



MAPPYACTS trial    (ITCC-056)

Molecular Profiling for Pediatric and Young 

Adult Cancer Treatment Stratification

Studio prospettico internazionale di medicina di precisione

Attivo da Feb 2016 a Lug 2020: - Francia 

- Italia 

- Irlanda  

- Spagna, Israele

Arruolamento: 787 pazienti (in 18 centri)

- neoplasia solida o ematologica refrattaria o recidivata 

- età <18 anni alla prima diagnosi

- possibilità di prelievo di tessuto neoplastico

Berlanga et al. Cancer Discovery 2022



MAPPYACTS 2    (ITCC-112)



Programmi di sequenziamento molecolare in Italia



PNRR 2023 – Genom-ACT



AcSé ESMART   (ITCC-057)

International, multi-center, open-label, prospective, phase I/II dose-

validation study with a RP2D confirmation part, which is open to

being expanded to refine an efficacy assessment for each agent



AcSé ESMART   (ITCC-057)



AcSé ESMART   (ITCC-057)

Protocol Version 8.0 – 8th July, 2025 

➢ 18 arms since 2016

➢ 3 arms open to enrolment (P, Q, R)

➢ 8 arms with already published results



Arm P – Capmatinib (METi) + Everolimus

➢ Capmatinib (INC280) demonstrated significant activity in c-MET
activated tumor, mainly with MET exon 14 skipping

mutations or MET gene fusion

➢ Combined inhibition of c-MET with its downstream PI3K/mTOR
pathway may reduce resistance and exhibit superior activity,

particularly in high grade glioma

➢ First-in-child

Molecular enrichment for potential biomarkers

• MET exon 14 skipping mutations, MET fusion, (focal or large), MET

gain or amplification, marked MET overexpression, or MET pathway
activation via overexpression or activation of the ligand HGF

• Tumors with co-occurrence of mutations in the PI3K pathways such
as PIK3CA, PIK3R1, AKT, TSC or mTOR FRB domain (excluding

kinase domain) mutations, gain of AKT or loss of PTEN are prioritized



Arm Q – Avelumab + Peposertib + Temozolomide

• Avelumab

anti-PD-L1 antibody, with clinical activity in various tumors 

• Peposertib

oral, small-molecule, selective DNA-PK inhibitor

Deoxyribonucleic acid protein kinase (DNA-PK) plays a 

critical role in the repair of DNA double strand breaks (DSB) 

• Metronomic temozolomide

activity in many pediatric solid tumors 

potential to deplete T-reg in vivo. 

as an alkylating agent it induces DNA damage. 

It can perturb tumoral neoangiogenesis

It is hypothesized that the triplet could

improve anti-PD1 activity through increase

in the number of neoantigens at the tumor

level and by depleting T-regs



Arm Q – Avelumab + Peposertib + Temozolomide

For peposertib: any activating alteration in the DNA repair

pathways including but not limited to:

• any deleterious alteration in the HR pathway that is related

or putatively linked with deficiency including but not limited to
BRCA1, BRCA2, ATM, RAD51B, RAD51C, RAD54L/ATRX,

MRE11A, RAD51D, BRIP1, PALB2, FANCI, FANCL, BARD1,

CHEK2, CHEK1, CDK12, PIN1, ATR, PTEN, ARID1A, IDH1 or
IDH2, amplification of C110RF30 (EMSY gene; CAD22881), or

alterations consistent with strong replication/transcription

stress including but not limited to EWSR1::FLI1/EWSR1::ERG,
SS18::SSXX, PAX3::FOXO1 gene fusions, CCNE1

amplification, MYCN or MYC amplification.

• alteration in PI3K pathway such as but limited to (PI3K,

PIK3R1, PTEN, AKT, mTOR, PDK1, 4EBP1, eIF4)

For immunotherapy:

• high mutation rate i.e. high tumor mutational burden (>10

somatic mutations/Mb)

• high MSI status (alteration of MLH1, MSH2, MSH6 or PMS2)

• immunomarker positive (PD-L1 ≥1%) or previous PR, CR or
SD for at least 6 month to anti-PD1/Anti-PDL1 inhibition

treatment

Molecular enrichment for potential biomarkers



Arm R – Capivasertib + Vinorelbine

Molecular enrichment for potential biomarkers

PI3K/AKT/mTOR pathway activation including but

not limited to: PI3KCA, AKT mutations, amplification,
gene fusions, PTEN deleterious mutation or loss.

MYC/MYCN amplification or mutations, EGFR,

IGF1R, PDGFR, FGFR, etc. mutations,
amplifications or gene fusions, p-AKT, p-S6, p-

4EBP1, PTEN loss (IHC) may also potentially be

considered for pathway activation.

• Capivasertib is an oral, potent, selective ATP-competitive pan-AKT kinase inhibitor that has shown promising activity in 

adult solid tumors and significant activity in vitro and in vivo in several pediatric tumor types 

• Metronomic vinorelbine has a broad spectrum of activity in adult and pediatric cancer

• Synergistic activity observed when combining AKT inhibitors and microtubules targeting agents (taxanes & vinca-alkaloids) 



HEM – iSMART (ITCC-104)

International proof of concept therapeutic Stratification trial of Molecular 

Anomalies in Relapsed or Refractory Hematological malignancies in children

• Multi-arm, actionable target-driven phase I/II clinical trial for relapsed/refractory acute 
lymphoblastic leukemia (ALL) or lymphoblastic lymphoma (LBL)

• 36 sites across 14 European countries

• Group B: Dasatinib, Venetoclax, Dexamethasone (ABL-like)

• Group C: Ruxolitinib, Venetoclax, Dexamethasone (IL7R and JAK-STAT)

• Group D: Trametinib, Dexamethasone (MAPK pathway)

• Group E: Capivasertib, Venetoclax, Dexametasone (unselected pts, PI3K/AKT/mTOR)



INFORM 2   (ITCC-104)

INFORM 2 exploratory multinational, multi-arm phase I/II basket trial

INFORM2 NivEnt

combination of nivolumab and entinostat in children 

and adolescents with refractory high-risk malignancies

• Nivolumab: immune-checkpoint inhibitor (anti PD-1)

• Entinostat: class I selective HDAC inhibitor

• age 2-21 years

• refractory/relapsed/progressive high-risk malignancies

• Germany, Austria, Switzerland, Sweden, France, Australia

Group A: 

a high mutational load (> 100 somatic SNVs/exome)

Group C: 
focal MYC(N) amplification or ATRT-MYC subgroup

Group E: 

high T-cell infiltration (> 600 cells/mm²)



NCI-COG Pediatric MATCH trial

• Precision medicine for children in USA

• Advanced solid tumors
• Age 1-21 years
• Started in 2017 and opened in 200 centers

• >1300 patients enrolled
• 13 treatment arms
• Last arm: ensartinib (ALK, ROS1)



Joint Action Personalised Cancer Medicine



Joint Action Personalised Cancer Medicine

Pilot #3: Supranational molecular tumor board for complex cases/countries without MTB



ITALIA – Molecular Tumor Board regionali   

Il 30 maggio 2023 è stato approvato il Decreto del Ministero

della Salute «Istituzione dei Molecular Tumor Board e

individuazione dei centri specialistici per l'esecuzione dei test per

la profilazione genomica estesa Next Generation Sequencing

(NGS)».

Il percorso di istituzione del Molecular Tumor Board Regionale è

stato avviato partendo dal contesto regionale caratterizzato da

elevata complessità, elevate competenze e disponibilità di

tecnologie di ultima generazione.



European development strategy



European development strategy

➢Started in 2015 by 7 national 

pediatric precision oncology 

programs  running in Europe, 

Canada and Australia

➢Objective: To provide federated 

access to complete sequencing 

of pediatric malignancies (WGS, 

WES, RNAseq, Methylome) 



European development strategy



Potenziali limiti della medicina di precisione   



INFORM registry

Van Tilburg CM et al. Cancer Discov 2021

The highest target priority level was

observed in 42 of 519 patients (8.1%)

Of these, 20 patients received matched

targeted treatment with a median PFS

of 204 days, compared with 117 days

in all other patients



Real world data  

Nichetti F et al. JCO Precis Oncol 2025

• Clinical relevance of molecularly targeted agents treatment (MTAs) in 
patients discussed by the MTB of the National Cancer Institute of Milan 

• 2021-2022: 1813 cases in 18 months

• Patients were stratified into:

eligible to MTA and treated (group A)

eligible to MTA but not treated (group B)

not eligible (group C)

➢ Median PFS on MTA: 12.0 months

➢ Median PFSratio in patients receiving MTA: 2.71, with a benefit rate of 64%

➢ OS was significantly longer in group A than in B and C patients



Patient’s expectations

Marron J et al. PBC 2016

• 89% hoped participation would help find cures for future patients

• 59% hoped participation would increase their/their child’s chance of cure

• Participants in pediatric molecular profiling studies perceive benefits for themselves 

and others, but expectations of personal benefit exceed actual positive impact

Necessity to improve communication during consent discussion to increase 

patient’s awareness about molecular research participation



Conclusioni

• Progressi nell’analisi avanzata di profili molecolari tumorali pediatrici e nella

somministrazione di trattamenti sulla base di essi

• Possibilità di incrementare il numero di pazienti arruolati nei trials clinici e

facilitare l’accesso all’utilizzo di farmaci innovativi

• Incremento delle conoscenze sulla genetica e la biologia delle neoplasie

pediatriche e potenziale definizione di nuove strategie e target terapeutici specifici

• Impegno e attenzione per fare sempre prevalere l’interesse del paziente rispetto

a quello della ricerca e del ricercatore (selezione e comunicazione)
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